WhenHiproly barley callus was placed on an auxin-free Murashige and Skoog's medium, adventitious roots were formed. The contents of S-adenosylmethionine (SAM)and 1-methylhistidine increased gradually in the callus throughout the root differentiation, along with increases in the levels of their precursors, methionine, histidine, and adenosine 5'-triphosphate. In the callus after auxin withdrawal, the addition of methionine resulted in rapid increases in the content of SAMand the incorporation of [methyl-14C]methionine into SAM.The accumulation of SAMwas closely related to the elevation in methionine level in the callus. 1-Methylhistidine also increased greatly in the callus treated with methionine, but the addition of histidine had little effect on the change in 1-methylhistidine in the callus.
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In many plant cell and tissue cultures, methylated secondary metabolites accumulate during organ differentiation.^Recent work indicates that the increases in the secondary metabolites result from changes in physiological functions attending morphogenesis.2) Thus, it seems likely that the production of methylated compounds is markedly affected by the methyltransfer reaction.
S-Adenosylmethionine (SAM) participates in a wide range of reactions in plants and serves as a methyl donor in the methyltransfer reaction.3~5) Giovanelli et al. 6 ) have reported that more than 90% of SAM is used for transmethylation in Lemna. The transmethylation rate may be strongly affected by the SAM level.
1-Methylhistidine is a typical methylated compound in Hiproly barley. This amino acid is formed from histidine by methylation with SAMas the methyl donor,7) and increases in
Hiproly barley callus during differentiation.8) Beq). After incubation for 24 hr, the calli were rinsed twice with distilled water and stored at -20°C.
Extraction and high performance liquid chromatographic analysis of S-adenosylmethionine. S-Adenosylmetmonine (SAM) was measured by the method of Greenberg and
Cohen with slight modifications.10) Calli (1.0g) were homogenized in 1 ml of 5% perchloric acid with a glass homogenizer and the homogenate was centrifuged at 10,000 x g for 5min. The precipitate was washed three times with 1ml each of 5% perchloric acid and the supernatants were combined. After the pH was adjusted to about 3 with KOH,the combined supernatants were left on ice for 30min and centrifuged to remove KC104. The precipitate was washed with cold 10him HC1 to extract the residual SAM.The extracts were put onto a SPSephadex G-25 column (1 x acid and 30ml ofacetonitrile) in mobile phase A (131 ml of 0.1 m NaH2PO4 (pH 2.50) containing 8mM1-heptanesulfonic acid, 0.1 mMNa2EDTA,and 1 ml ofacetonitrile) was done overaperiod of20min at a flow rate of3 mlpermin. Labeled SAMwas extracted with 5% perchloric acid, partially purified with the SP-Sephadex column, and fractionated by HPLCas described above. One-ml eluted fractions were analyzed for the radioactivity with a liquid scintillation counter. The specific incorporation of 14C into SAMwas defined as dpm per nmol SAMper day.
Extraction and assay ofamino acids. Calli were extracted three times with 80% ethanol at 80°C for 30min and the extracts were dried in vacuo. The residues were dissolved in 0.02n HC1and analyzed for free amino acids with an amino acid analyzer (Hitachi-835).
Labeled 1-methylhistidine was extracted with 80% ethanol as described above and isolated by Silica (Whatman LK-6D) thin layer chromatography with a solvent (tributylamine-ethanol-water, 1 : 8 : 1, v/v) as the developer. The spot of 1-methylhistidine was scraped off and assayed for radioactivity with a scintillation counter.
The specific incorporation of 14C into 1-methylhistidine was denned as dpm per nmol 1-methylhistidine per day.* 1}
Extraction and assay of adenosine 5'-triphosphate. Calli (1.0g) were homogenized with 3ml of ice-cold 5% perchloric acid in a glass homogenizer and the homogenate was neutralized with 5m K2CO3. After being kept in ice for 30min, the homogenate was centrifuged at 12,000 x g for 20min and the supernatant was diluted 10-fold with 25mM HEPES buffer (pH 7.4) containing 25mM MgSO4. ATPin the extract was measured by the luciferin-luciferase assay method of Addanki et al. with a slight modification.12) The luciferin-luciferase reagent (100mg) was dissolved in 2.5ml of 25mM HEPES buffer (pH 7.4) containing 25 mMMgSO4and left overnight at 4°C in the dark. The solution was centrifuged at 10,000xg for 10 min be for the ATPassay.
Results
Changes in methionine, histidine and ATP contents in Hiproly barley callus after auxin withdrawal Figure 1 shows the changes in the contents O-O, S-adenosylmethionine; #---#, 14C incorporation. (Fig. 2) . The content of 1 -methylhistidine and the incorporation of [methyl-14C]methionine into 1-methylhistidine also increased in the callus during organ differentiation, but the increase were rather gradual as compared with those for SAM (Fig. 3) .
Effects of methionine on the change in SAM content in Hiproly barley callus As shown in Fig. 4 , the addition of methionine into the cultivation mediummarkedly stimulated the synthesis of SAMin Hiproly barley callus after auxin withdrawal. Methionine at concentrations of 100/iM and 500/iM enhanced the increase in SAMabout 3.3 and 4.5-fold, respectively, on the 40th day after cultivation.
The stimulation of SAM biosynthesis by methionine was confirmed with experiments on methionine incorporation into SAM (Fig. 5) . The incorporation of [methyl-14C]methionine into SAMincreased greatly in the callus treated with methionine. On the 40th day, the specific radioactivity of SAMincreased 2.7-fold with 100 fiM methionine compared with the control. enhanced by the addition of methionine to the medium (Fig. 6 ). The addition of 100^m and 500//m methionine to the medium resulted in about 17 and 23-fold enhancements, respectively, on the 1-methylhistidine increase on the 40th day after cultivation.
The addition of histidine to the medium also enhanced the increase (Fig. 6 ). The addition of methionine to the medium strongly stimulated the incorporation of [methyl-14C]methionine into 1-methylhistidine.
On the 40th day, the specific radioactivity of 1-methylhistidine had increased about 2-fold compared with the control (Fig.  7) .
On the other hand, the 1-methylhistidine content increased slightly in the callus treated with histidine (Fig. 6 ). The incorporation of [methyl-14C]methionine into 1-methylhistidine was also increased slightly by the addition of histidine to the medium (Fig. 7) . Discussion 1-Methylhistidine has been obtained as the free amino acid from animals and plants, 8'13) but its functional roles are still matters for speculation.
In this paper, I found increased 1-methylhistidine content and its precursors, methionine, histidine, and adenosine 5'-triphosphate, in Hiproly callus after auxin withdrawal, with root formation. And adventitious roots were induced from Hiproly barley callus exposed to 1-methylhistidine. Elevated 1-methylhistidine levels is likely to be concerned with organ formation and enhanced 1-methylhistidine biosynthesis will occur concurrently with growth of the plant system. 1-Methylhistidine is formed from histidine by transfer of the methyl moiety from SAM. 
